The intermediolateral cell column (IML) of the thoracic and upper lumbar spinal cord of mammals contains sympathoadrenal preganglionic neurons which project to the medulla of the adrenal gland (Cummings, 1969; Maycock and Heslop, 1979; Schramm et al., 1975) . While transmitter (s) released from terminals of preganglionic fibers in the adrenal medulla have a direct effect on chromaffin cell secretion, activity in the preganglionic fibers is determined at the level of their cell bodies in IML by the integration of synaptic inputs. Several neurotransmitters have been implicated in the regulation of sympathoadrenal neurons. A role for descending monoaminergic systems, including serotonin-, dopamine-, and norepinephrine-containing neurons and cholinergic neurons, is indicated by the ability of these systems to alter adrenal medullary function by virtue of their effects at the level of the spinal cord (Lewander et al., 1977; Quik and Sourkes, 1977; Gauthier et al., 1979; Gagner et al., 1983) . The neuronal connections within IML which underlie regulation of activity of sympathoadrenal neurons, however, have not been determined. Previous work in this laboratory combined two morphological techniques to address specifically the relationship of chemically 1 This work was supported by United States Public Health Service Grants DA 02148 and NS 17702. We wish to thank Michael Frey and Joan Shaughnessey for their technical assistance in the execution of these studies.
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coded afferents to sympathoadrenal neurons. Using immunohistochemistry in conjunction with the retrograde transport of a fluorescent dye to identify neurons in IML that innervate the adrenal gland, substance P-, enkephalin-, somatostatin-, and serotonin-containing fibers were observed in apposition to sympathoadrenal neurons (Holets and Elde, 1982) . Although a synaptic relationship between these elements remains to be confirmed at the ultrastructural level, these results may provide a morphological basis for a role of these transmitters in the regulation of sympathoadrenal neurons. Vol. 4, No. 10, Oct. 1984 mg/kg), a midflank incision was made to expose the left adrenal gland of each animal. A micromanipulator was used to hold a 50-~1 Hamilton syringe containing the fast blue suspension (1% in distilled water), and the syringe was fitted with a 30 gauge needle. The needle was inserted into the adrenal medulla such that the bevel of the needle was directed toward the hilus, where the peripheral nerves enter the gland. Once the needle was in place, 5 to 10 ~1 of fast blue were injected into the gland over a 15-min period, and an additional 15 min were allowed to lapse before the needle was withdrawn to allow for dissipation of the injection volume into the gland. The wound was then closed, and the animals were allowed to recover.
After a 5-day survival period, the spinal cord from each animal was taken for histology.
Each animal was again anesthetized with chloral hydrate, and the ascending aorta was cannulated transcardially with a bulbous needle. The vasculature was rinsed with 50 ml of ice-cold saline followed by 150 ml of ice-cold 0.1% paraformaldehyde in 0.1 M phosphate buffer, pH 7.4, to achieve a light fixation.
Spinal cord segments T7 to TlO were rapidly removed in two pieces and frozen in brain paste. Previous studies showed that these spinal segments contain approximately two-thirds of the sympathoadrenal neurons in rats (Schramm et al., 1975; Holets and Elde, 1982 (Figs. 1D and 3B) . Relatively moderate densities of grains appeared over the superficial laminae of the dorsal horn and in the gray matter adjacent to the central canal, a distribution similar to pAC and LSD. A moderate density of grains also appeared over the IML and the adjacent intermediate gray matter. The most unique feature to the pattern of [3H]QNB-binding sites was the high density of grains noted over the ventral and lateral regions of the ventral horn. In horizontal sections (Fig. 3B ) it was apparent that these densities of binding sites occurred in patches along the lateral aspect of the gray matter in a longitudinal dimension. Since the fast blue cells marked the location of the IML, and the regions of intermediate gray matter generally progressed from dorsal to ventral in a rostra1 to caudal direction through the horizontal sections, it was apparent from Figure  3B that these concentrated QNB-binding sites are not associated with the IML but occur ventral to this nucleus.
Correlation of ligand binding with fast blue-labeled cells. Grain counting afforded greater precision in determining whether there was a correlation in ligand-binding sites within the IML and sympathetic preganglionic neurons that innervate the adrenal gland in particular (Table II) . While the data for pAC were consistent with Figure 2A in (Peroutka and Snyder, 1979) in addition to dopamine receptors (Burt et al., 1976) . However, an in vitro binding study of rat spinal cord reports an absence of serotonin type-2 receptors (Monroe and Smith, 1983) . In light of this report and the inclusion of the dopamine receptor antagonist haloperidol in the incubation buffer in the present study, we believe our results reflect serotonin receptors of the type-l class (Peroutka and Snyder, 1979) .
Although four populations of receptors were localized in the present study, comparisons among ligands of receptor densities in one area are not justified since the studies were not designed to take into account differences in binding affinity, specific activity, and exposure times of the ligands. However, comments concerning differences in grain densities observed among regions of the spinal cord are valid in the discussion of each ligand.
Morphological considerations with respect to grain counts. In interpreting the grain count data, it is important to consider the cytoarchitectural features of the IML and the preganglionic neurons that comprise it. Three cell types have been described in the IML of rat (Schramm et al., 1975; Holets and Elde, 1982) , cat (Deuschl and Illert, 1981) , and monkey (Petras and Cummings, 1972) . For rat, the cell sizes range from small, round cells of generally 12 pm in diameter to fusiform and multipolar cells of 8 X 22 pm* in longitudinal sections (Schramm et al., 1975) , giving cross-sectional areas of approximately 100 to 170 Frn'. Since this is roughly one-tenth the area counted with the grid reticle, our grain counts will reflect ligand binding over the cell soma and a portion of the proximal dendrites. Only single sympathoadrenal neurons are assumed to be counted within each 1600 pm', since the cells were generally aligned in a single row in longitudinal sections of our material, and the cells were spaced by more than 20 pm. However, the longitudinal orientation of dendrites in the IML and the intertwining that results (Rethelyi, 1972; Schramm et al., 1975 ) may contribute to overlapping dendritic arbors of two adjacent preganglionic neurons.
While the position of fast blue-labeled cells defined the coordinates for counting grains associated with sympathoadrenal neurons, the coordinates for other preganglionic neurons were not as rigorously established. However, due to the organization of the IML, it is likely that comparable cytoarchitectural structures were included. Although clustering of cells at regular intervals (300 pm in cat; Deuschl and Illert, 1981) along a rostrocaudal axis is a striking feature of the IML, a continuous string of preganglionic neurons is consistently observed in the IML between these clusters (Petras and Cummings, 1972; Rethelyi, 1972; Deuschl and Illert, 1981) . Since the longitudinal arrangement of the fast blue-labeled cells in our horizontal sections through the IML was distributed through a distance greater than 300 pm, the cells accurately reflected the longitudinal distribution of preganglionic neurons in the IML and not just clusters. Therefore, grain counts along this line may be expected to correlate with other preganglionic neurons. The third group of grain counts was sampled 160 pm medial to fast blue-labeled preganglionic neurons (IMG). This region would be associated with autonomic function when fast bluelabeled cells fell in clusters with other preganglionic neurons, since the periodicity of clusters appears to coincide with the periodicity of nucleus intercalatus in the intermediate zone of the spinal cord which also contains preganglionic neurons (Petras and Cummings, 1972; Schramm et al., 1975; Petras and Faden, 1978) . However, due to the longitudinal distance over which fast blue-labeled cells were distributed, only a small proportion of the areas counted in this group would be expected to lie over nucleus intercalatus.
Therefore, the grain counts over the IMG medial to the IML are not believed generally to represent binding to neuropil associated with autonomic function.
Receptor distribution in the IML and the adjacent intermediate gray. Although all four ligands exhibited some degree of specific binding in the IML and the adjacent intermediate gray matter, the pattern of grain densities within these regions was different for each ligand, suggesting differential localizations to neuronal processes and even among different populations of preganglionic neurons in the IML. Highly concentrated patterns of grains occurred with [3H] pAC binding. While o(* receptor sites have been localized both pre-and postsynaptically to date, and there is some evidence that clonidine effects in other regions of the IML may be postsynaptic (i.e., not via receptors on nerve terminals; Connor and Finch, 1981) , the densely packed patterns of grains within the IML in horizontal sections and at periods transversely across the intermediate gray matter suggest a location of (Ye receptors on nerve fibers. In general, the location of these densities was significant over the IML and over sympathoadrenal neurons in particular.
The neurotransmitter-containing identity of the nerve fibers remains to be explored. 01~ receptors have been implicated in the autoregulation of catecholamine fibers, and the distribution of dopamine P-hydroxylase-immunoreactive fibers in the intermediate gray matter of thoracic cord parallels the banding pattern observed autoradiographitally (Glazer and Ross, 1980; Westlund et al., 1983) . However, we have observed a similar banding pattern of enkephalinergic and serotonergic fibers in immunohistochemical studies of thoracic spinal cord (V. S. Seybold and R. P. Elde, unpublished observations), which raises the possibility that catecholamines may alter autonomic function partly via a presynaptic interaction with these transmitter systems. A presynaptic effect of catecholamines on other transmitter-containing terminals in the IML may explain why it has been difficult to determine trans-synaptic effects of clonidine on adrenal tyrosine hydroxylase activity (Gagner et al., 1983) .
Muscarinic receptor sites were also high in the IML and the intermediate gray matter, although they appeared less densely distributed than binding sites in the ventral horn. The autora- 
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Seybold and Elde Vol. 4, No. 10, Oct. 1984 diographic reflection of muscarinic binding sites in our material varies slightly from the relative concentration determined quantitatively in uitro on cell membranes isolated from discrete regions of rat spinal cord by Kayaalp and Neff (1980) . In their studies with the same ligand, the receptor density in the intermediate zone of thoracic cord was equivalent to that in the ventral horn. It is difficult to assess the extent to which the pattern in grain density affects the visual interpretation of our material.
The diffuse grain pattern in the IML produced by QNB binding in comparison to the concentrated patterns observed with [3H]pAC suggests that the muscarinic receptors are located postsynaptically on neuronal perikarya and dendrites in the IML. This interpretation is supported in part by data from Kayaalp and Neff (1980) in which there was no change in receptor number or affinity after transection of the spinal cord (i.e., decentralization).
Therefore, the muscarinic receptors are not likely to be located on terminals of descending systems. The lack of denervation supersensitivity in their experiment also suggests that the cholinergic innervation of the IML is from a source intrinsic to the spinal cord. Along these lines, the common distribution of muscarinic receptors to sympathoadrenal neurons and other neurons in the IML raises the possibility that muscarinic receptors may, in general, mediate an autoregulatory role of acetylcholine-containing preganglionic sympathetic neurons. Functionally, stimulation of muscarinic receptors on sympathoadrenal neurons would be inhibitory since a decrease in tyrosine hydroxylase activity in the adrenal gland was observed when muscarinic agents were administered to spinalized rats (Gagner et al., 1983) .
The results of LSD binding were interesting when compared with previous studies of Holets and Elde (1982) , 1977; Gagner et al., 1983) . Although a perikaryal relationship of serotonin receptors with sympathoadrenal neurons was determined, this relationship was not visually apparent in the autoradiogram.
We believe this is due to the location of the receptors on the cell membrane. Since the majority of fast blue-labeled cells in the spinal cord sections are in cross-section, and only ligand bound to the upper 2 pm of the section surface will effectively contribute to latent image formation in the emulsion, the outline of the cell membrane would be difficult to appreciate visually in an autoradiogram. In contrast, autoradiograms of opiate-binding sites over dorsal root ganglion cells show grains clustered over neuronal perikarya (Ninkovic et al., 1982) . Given that synapses in dorsal root ganglia are rare (Kayakar et al., 1981) and opiates have effects via receptors on primary afferent terminals (Gamse et al., 1979) , the grains over these perikarya may reflect packaging of receptors within the cytoplasm for transport to a terminal location, while our data may reflect receptors located on the plasma membrane of the sympathoadrenal neurons. DHM was the only ligand that did not exhibit specific binding in the IML that was greater than other regions of the gray matter. Since there was some specific binding, we cannot exclude the possibility that some opiate effects on preganglionic sympathetic neurons are mediated via ~1 receptors. However, given the density of enkephalin-(Holets and Elde, 1982) and dynorphin-immunoreactive terminals in the IML (V. S. Seybold, unpublished observations), it is more likely that opiate effects in this region may be mediated by d or K receptors (Lord et al., 1977; Chavkin et al., 1982 (Pert et al., 1976; Atweh and Kuhar, 1977; Pearson et al., 1980) . The limited binding pattern across substantia gelatinosa observed in rat is in contrast to the pattern reported in monkey spinal cord where the density of opiate receptors appears to decrease gradually from lamina II to the ventral spect of lamina IV (Wamsley et al., 1982 Young and Kuhar, 197913; LSD: Young and Kuhar, 1980; QNB: Wamsley et al., 1981) . Since substantia gelatinosa is a region which is responsible for modulation of nociceptive information in the spinal cord, a uniform distribution of these sites throughout the levels of the cord would be expected. It is noteworthy that stimulation of these receptor types (with the exception of muscarinic receptors) in spinal cord causes analgesia (Yaksh, 1970; Hylden and Wilcox, 1983a, b) .
The region around the central canal exhibited the next highest number of transmitter receptor types. In our studies, muscarinic, serotonergic, and ols-adrenergic binding sites all appeared in moderate concentrations in this region. This observation is consistent with reports at other levels of the spinal cord for muscarinic (Wamsley et al., 1981) and serotonergic binding sites (Young and Kuhar, 1980) and extends the preliminary observations of pAC-binding sites in the spinal cord made by Young and Kuhar (197913) . Since the region around the central canal is beginning to be recognized as a site involved in spinal transmission of nociceptive stimuli (Fields et al., 1975, Honda and Perl, 1981; Nahin et al., 1983) , the parallel distribution of receptors between substantia gelatinosa and lamina X suggests serotonin, norepinephrine, and acetylcholine may have functions in this region of the spinal cord parallel to those in substantia gelatinosa. Curiously, then, a high density of p receptors was not similarly observed in the region around the central canal. The fact that this region is rich in the endogenous opiate substances enkephalin (Hokfelt et al., 1977; Gibson et al., 1981) and dynorphin (V. S. Seybold, unpublished observation) indicates that the physiological effects of these substances may be mediated via a different opiate receptor subtype in this region. In addition to a sensory function, the region lateral to the central canal in thoracic spinal cord has an autonomic efferent function in that some sympathetic preganglionic neurons have been localized to this region (Schramm et al., 1975; Petras and Faden, 1978; Dalsgaard and Elfvin, 1979; Holets and Elde, 1982) . Therefore, receptors in this region may also contribute to regulation of autonomic function.
